u 

potcntiaUy reduce the cost enough that di^osable surgical 
probes would be economicaUy feasible. Further, the optical 
fibers arc more robust than LED's and arc therefore more 
suitable for autodaving in medical environments. Lasdy, the 
optical light source can be a laser (diode or gas) which has 5 

the potential for g^aierating more ligbt than the simple LED 
used in the prior art 

While this invenUon has been described above with 
reference to several preferred embodiments, a person of 
ordinary skill in the art should be able to readily visuahze lO 
alternative embodiments whLdi do not materiafly depart 
from the scope of this invention. Therefore, the scope and 
content of this invention are not limited by the foregomg 
descrq)tion. Rather, the scope and content are to be defined ^ 

by the following claims. 

What is claimed is: , . r . i * 

1 An a5)paratus for determining the location of at least 
one point in three dimensional space relative to a three 
dimensional coordinate system defining said space compns- 

20 

ing: 

at least one emitter of electromagnetic radiation, CMn- 
prisifl^ a radiation dispersing element which ennte said 
i-^. radiation in a substantiafly conical pattern which at 

''t least approaches a llsolid angle of about \Z(f] hemisphere , wherein 

'■^ said radiation emission pattern has a c^troid such that 

hi it at least closely approximates a point source of said 

£ radiation therrfjy causing said oentroid of said electro- 

ik magnetic radiation to be in a substantially invanaat 

H telationshq) to said emitter of said radiation regardless 

of the angle from which the oentroid of the emitted 
radiation is viewed; 

:p an electromagnetic radiation generator operatively asso- 

ciated with each of said emitters; 
L means for transmitting electromagnetic radiation geno:- ^ 

;^ ated by said generator to said emitter; 

^ a plurality of electromagnetic radiation sensors, each of 

which is adapted to detect at least one elcctromagneUc 
iVi lay emitted from at least one of said emitter^ 

:2 a power supply for said electromagnetic radiation gen- 

'i erator; -xr 

U where there arc a plurality of emitters, means to differ- 

entiate electiomagaetic radiation emitted by at least 
two of said emitter^ and 
meansfordcteacminingthelocationofsaidemittcrrelatiye 45 

to the three dimensional coordinate system; 
wherein, as a consequence of said wnitters «nitting 
electromagnetic radiation at a solid angle of at least 

approaching (180-1 ah^^Ehe!?^^^^ ^^''^ ^ 
^ ^nittc^ with greater accuracy than would have been 50 

the accuracy determined had the electromagnetic radia- 
tion been geuOTtcd without said dispersing element 

2. The apparatus as daimed in daim 1, wherein at least 
one of said dispersing element comprises a difl&iscr. 

3. The apparatus as daimed in daim 2, wherein the 55; 
diffuser is substantially a section of a sphere. 

4. The apparatus as daimed in daim 2, wherein the 
diffuser is substantially flat 

5. The apparatus as daimed in daim 1, wherein at least 
one of said emitters comprises a ligjit pipe image guide 60 
which is so shaped as to be capable of emitting electrcanag- 
nctic radiation frmn an end tiiereof at a solid angle at least 
q)proadnng'[18(n a hemisphere. 

6. The apparatns as daimed in daim 1, wherein at least 
one of said cmittas om^rises a OHKacvc lens with a «s 
n^ativc focal length capable of emiiting electromagnetic 
radiation at a solki an^e at lea^ approaching [l 80^1 a hemisphere . 



10 



15 



20 



30 



12 

7. The apparatus as claimed in claim 1 wherein at leasl - 
one of said emitters comprises a curved, convex mirror 
capable of emitting reflected electromagnetic radiation at a 
solid angle at least approaching [180"] a hemisphere . 

8. The apparatus as claimed in daim 1 wherein said 
electromagnetic radiation comprises visible li^t 

9. The apparatus as claimed in daim 1 wherein said 
electromagnetic radiation comprises infira red light 

10. The apparatus as claimed in daim 1 wherein said 
electromagnetic radiation comprises ultra violet Ught. 

11. The ^aratus of claim 1 comprising a plurality of 
emitters. 

12. The apparatus as daimed in claim 1 con^rising a 
separate electromagnetic radiation generator associated with 
each emitter. . 

13. The apparatus as claimed in claim U wherein each of 
said emitters radiates at a different wavelength. 

14. The apparatus as claimed in daim 1 herein said at 
least one emitter is disposed on an object in said three 
dimensional space, and wherein said electromagnedc radia- 
tion generator is disposed proximate to said cxnittcr. 

15. The apparatus as claimed in daim 1 wherein said at 
least one emitter is disposed on an object io said three 
dimensional space, said electromagnetic radiation generator 
is disposed a distance from said emitter, and at least one 
electromagnetic radiation guide is disposed therebetween in 
operative relationship to both said generator and said emit- 
ter. 

16. The apparatus as claimed in daim 14 wherein said 
electromagnetic radiation generator is disposed in or on said 
object sdSEciently poximate to said emitter as to exclude a 
radiation guide therebetween. 

17. The apparatus as claimed in claim 15 wherein said 
electromagnetic radiation generator is powered by 
electridty, and wherein said emitter and said object arc 
substantially electrically neutraL 

18. The apparatus as claimed in claim 15 wherein said 
electromagnetic radiation generator is powered by 
electridty, and wherein said emitter and said object are 
substant^dly magnetically neutraL 

19. The s^jparatus as daimed in claim 15 wherein said at 
least one emitter is unconnected to a somce of electridty. 

20. An electrically neutral system for radiating electro- 
magnetic radiaticm horn an eflEectiTe point source compris- 
ing: 

an electromagnetic radiation graerator; 
an emitter of dectromagnetic radiation comprising a 
radiation di^rsing element ^ndiidi emits said electio- 
. magnetic radiation in a substantially conical pattern 

through a solid angle which at least approaches [180*] a hemisphere , 
wherein said radiation emission has a centroid ^tch that it 
at least dosely approximates a point source of said 
radiation thereby causing said centroid of said electro- 
magnetic radiation to be in a substantially invariant 
relationship to the emitter of said radiation regardless 
of the angle from which the centroid of emitted radia- 
tion is viewed, and 
wherein said emitter is disposed a distance from said 
generator; 

60 at least one optical fiber disposed in opwalive relationsfa^ 
to both said generator and said emitter such that it is 
adapted to transmit electromagnetic radiation from said 
generator to said emitter, and 
an electric power source operatrvdy associated with said 

65 electromagnetic radiation generator, wherein said gen- 
erator is substantially elcctzicaily and magnetically 
isolated from said emitter 
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21. The apparatus as claimed in claim 20 wherein at least 
one of said di^rsing element comprises a diffuscr. 

22. The apparatus as claimed in claim 21 wherein the 
dififoser is substantially a section of a sphere. 

23. The apparatus as claimed in claim 21 wherein the 5 
difiEuser is substantially fiat 

24. The apparatus as claimed in claim 20 wherein at least 
one of said emitters comprises a light yipc image guide 
which is so shaped as to be capable of emitting electromag- 
netic radiation from an end thereof at a solid ai^e at least 
approaching n 80*] a hemisphere . 

25. The apparatus as claimed in claim 20 wherein at least 
one of said emitters comprises a concave lens with a 
negative focal length capable of emitting electroms^etic 
radiation at a solid an^e at least approachuig [180°] a hemisphere . 

26. The apparatus as claimed in claim 20 vdierein at least ^ 
one of said emitters comprises a curved, convex minor 
capable of emitting reflected electromagnetic radiation at a 
solid angle at least approadiing[180°] a hemiisphere . 

27. The apparatus as claimed in daim 20 \Kiierein said 
electromagnetic radiation comprises visible light 20 

28. The apparatus as claimed in daim 20 wherein said 
electromagnetic radiation comprises infra red light 

29. The apparatus as claimed in daim 20 wherein said 
electromagnetic radiation comprises ultra violet light 

30. Hie apparatus as claimed in daim 20 comprising a 25 
plurality of emitters. 

31. The apparatus as daimed in daim 20 con^rising a 
separate electromagnetic radiation generator associated with 
eadbi emitter. 

32. The apparatus as daimed in claim 30 wherein each of 
said emitters radiates at a different wavelength. 

33. The apparatus as daimed in claim 20 wherein said at 
least one emitter is disposed on an object in said three 
dimensional space, and wherein said electromagnetic radia- 
tion generator is disposed pmximate to said emitt^. 

34. The ^aratus as daimed in claim 20 wherein said at ^ 
Yn ItssX one emitter is dcsposed on an object in said three 

dimensional space, said electromagnetic radiation generator 
is di^K)sed a distance from said emitter, and at least one 
electromagnetic radiation guide is disposed therebetween in 
operative relationship to both said generator and said emit- 40 
ter. 

35. The apparatus as daimed in daim 33 wherein said 
electroougnetic radiation generator is disposed in or <m said 
object sufELdently proximate to said emitter as to exdude a 
radiation guide therebetween. ^ 

36. The ^>paratas as claimed in daim 34 wherein said 
electromagnetic radiation generator is powered by 
electricity, and wherein said emitter and said object are 
substantially dectdcally ^leutraL 

37. The apparatus as claimed in daim 34 wherein said ^ 
electromagnetic radiation generator is powered by 
electridty, and wherein said emitter and said object are 
substantially magnetically neutraL 

38. The apparatus as daimed in claim 34 wherein said at 
least one emitter is unconnected to a source of electdcity. ^ 

39. A method of accaratdy determining the location of a 
point in three dimensional space which comprises: 

dectrically generating electromagnetic radiation; 
non-electrically transmitting said electromagnetic radia- 
tion to an emitter, comprising a radiaticm dispersing 60 
element, so constructed as to emit ekcttomagoetic 
radiation therefrom in a conical array through a solid 
ang^e at least approaching [180*] a hemisphere; 
non-electrically emitting said electromagnetic radiation 
from said dispersing clement in a snhstaotiaHy conical 65 
pattern ov^ a solid an^ that at feast approadxes about 
[180**] a hemisphere : and 
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thereby causing a ccntroid of said emitted electromagnetic 
radiation to at least closely approximate a point source 
of said radiation which is substantially invariant with 
respect to the emitter of said radiation regardless of the 
5 angle from which said emitted radiadon is viewed. 

40. A method as claimed in claim 39 further comprising 
generating said electromagnetic radiadon a distance fipm 
said emitter; transporting said generated electromagnedc 
radiadon aon-electrically through at least one optical fiber 
from said, electromagnetic generator to said emitter; and 
maintaining said emitter electrically and mechanically sub- 
stantially neutral. 

41. A method as claimed in claim 39 further including 
disposing at least one of said emitter on a three dimensional 
object; disposing an electromagaetic generator in operative 
association with a radiation guide in operative lelationshq) 
with each of said emitters and remote from said object; and 
maintaining said object electrically and magnetically sub- 
stantially neutral with respect to said ekctromagnetic gen- 
erator. 

20 42.Ainethodofdeterminii2g the position and orientation 
of at least one three dimensional object in a three dimen- 
sional ^ace defmed by a coordinate system which com- 
prises: 

dii^osing a plurality of electromagnetic emitters, com- 
^ prising a dispersing element so constructed as to radiate 
electromagnetic radiation in a substantially corneal 
pattern over a solid angle that at least approadies about 
[180"] a hemisphere jg known spaced apart relationship to each other 
on a sud^toe o£ said object; 
^ providing at least one electromagnetic radiation generator 
spaced from said object; 
providing a non-electric radiation guide opcratively asso- 
ciated with each emitter and with said at least one 
generator; 

generating electromagnetic radiation £com each of said 
generators; 

transmitting said radiation, non-electrically through said 
radiation guides to said emitters; 
4Q non-electrically radiating a substantially conical pattwn 
of radiation fiom at least one of said dispersing ele- 
ments; 

receiving said emitted radiation by a plurality of electro- 
magnetic radiation receivers; 
45 determining the location of each emitter as a &mction of 
the angles between said received radiation and resgcc- 
tive reference lines; and 
coovexting said determined locations of said exnittezs to a 
position and orientation of said object in said three 
50 dimensional space. 

43. A method as claimed in claim .42 wherein said 
dispersing element comprises a difEoser. 

44. A method as claimed in claim 42 herein said 
dispersing elemeiU comprises a section of a sphere. 

55 . 45. A method as claimed in claim 42 wherein said 
dispersing element comiprises a light pipe image guide so 
constructed as to emit said electromagnetic radiation over a 
solid conical angle at least appmadnng[l80°] a hemisphere . 

46. A method as claimed in claim 43 wherein said difi^user 
60 comprises a substantially fiat plate. 

47. A method as claimed in claim 42 wherein said 
dispersing clement comprises a concave lens with a negative 
food length. 

48. A method as claimed in claim 42 wherein said 
65 dispersing element comprises a convex mirron 
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Tu. opp...t,.. c^^m^ - '^^^^rr. 1 1 Wherein le^st two of said emitters 
rpHiate at a diff'''-ft"t wavelength. 



■5= 



An electrically —1 -^""^ radintinr Hertromafnetic radiation from 



an flfTectivP point sourc R comprising: 

uact nnfl electrom^'T^f^tic radiation generator; 

.f .lectrnmagn etir radiation comprising means for emitting 

Mjll .linn thrmir^ " -^--^ - f-^^ l^"^"^ Woarh..s a hemisphere, 

..id radiatior - centr oid snrh that is at least closely 

^p prnximates ^ r»i"t source of said radiation; and 

---^ -"-'^^^^^ disp osed a distance fr om said generator(s). 
... . pt^..! fiher disposed inop erative rehtionship to said penerator(sl and 

saidenuttsls^^ 

caid penerator (s) to said emitter(s); and 

H-^^- p— -""^^-^ onerat i A Hv asso ciated with said elecfromasnetic 

radiatimi^en^^^ 
^cnlatftd from said emitter. 



. nf rtPt^minr r""''"" ori'-ntntion of at least one thre e 

com prises: 

, pi„..ut y .iPctromagnetir emitters, compriHnp a dis persing element 
. eH.,.tPd a.s to r ^-*'^ .i..t.nn.a^etic raiintion over a solid anple that at least 




approaches about a hemisphere in known spaced apart relationship to each other on a 
surface of said object: 

providing at least one electromagnetic radiation generator spaced from said 

object: 

providing at least one non-electric radiation guide means operativelv associated 
with said emitterfs) and with said at least one generatorfs): 

generating electromagnetic radiation from generatorfs): 

transmitting said radiation, non-electricallv through said radiation guide(s) to said 
emitterfs): 

non-electrically radiating radiation from at least one of said dispersing elements: 
receiving said emitted radiation by a plurality of electromagnetic radiation 
receivers: 

determining the location of each emitter as a function of the angles between said 
received radiation and respective reference lines: and 

converting said determined locations of said emitters to a position and orientation 
of said object in said three dimensional space. 

52. An apparatus for determining the location of at least one point in three 
dimensional space relative to a three dimensional coordinate system defining said space 
comprising: 

at least one emitter of electromagnetic radiation, comprising a radiation dispersing 
element that is adapted to emit said radiation in a substantially conical pattem that at least 
approaches a solid angle at least about equal to a hemisphere: 
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gaid emitters; 

^^^^^^.^itt^n p .lentrnmag netir radia tion generated by said gener atorto 

said assoc iated emitter; 

e.rhofwhichisada pted Jodetect 

r.. en^itted from .t l^ast one of said emitters - 
^„ „ . ^u...v.u , nf .n^itters. mnnn- to diffrrentiate electromagn etic 

.o^;.tmn emitted ''t i^^^^t two of said emitters; and 

M^.„ rnr drtrrrn--^- ^-''t^"" "f said emjtMsU elative to said th ree 

r. y^ nf said ra ^i^Hnn and at least one reference line; 

^.rrrin n ^^id emitters_emittm c Hertroma pnetic radiation ^ 

soM^ngl^aUeas^^ 
wi2i.^reate^^^ 

^^,1 T nrtir nrli-^- ^''^''^^ted without said dis p ersin g element . 

.^^.r.u.. claimed ^ ^^ast one^f^jd^mitt^ 

comErisesa^^ 

^j^, fr,^ ... t>,...nf .t . solid nnHe at least approaching a hemjsEhere. 



Th, PC H.in,.d in claim 1 whnrnin nt least one of said emitters 

MMlmm-Ln^tir nrlint^- - ^^^^^ ^t leas t approaching a hem JsBhere. 
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----- — o f - ^'^-^ --^--^-'^ electromagneti c 

^Ai^finr. .t a soli^ ^"pl" lea5;t annro^^rhinp a hemisphere. 



in 



A„ .Wtricallv -1 °Y-t<^"- radinti.r H.rtrom.nietic radiation from 

an ftffective r"'"^ sourc e r-nmprising: 

^» >>iprtrmnapneti^ r^Hiatinn generator; 

, ,f ....^.^o c^.... radiation romnrisinf a radiation dispersing element 
^, .„i. .1.1 1 . 1. nmnrr-- -^-^-^ - - -^^ta nti n ll v nonir.l pattern through a solid 
..... ... . l.a.t aor----- - ^-^-^--e. i nd ^^^ hnrnn ^.id emitter is disposed a 

Hi<;tance from «aid generator: 

„ ^, .^. po..d in operative relationship to both said generator 

,ni.. ■ nirh --^ T---^ transmit Hertroma^etic radiation from s^ d 

generator to said em itter: and 

,1,.,^, ^„.,„ nn.r.tivHv assoriated wilh sajd .l^.tromaRnetic 

,^^,.r wh-^- r----"^ '« -■"•'^"'"^ 

,c;ffi^t'"^ fr""^ said emitter. 



<7 ThP annarati -- Hain..d in clai "- ^h^rdn at least one of said emitters 

.hot i. cn .haped as to -r.M^ emitting electromagnetic 



rnm prises a 'ight pipe image 
^H^atinn from an -n- - -""^ ---^^ le n ^t approaching a hemisphere. 
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TV,, oppkr^t,,. claimp^ r^.ir. Sfi wherein '^t le^st one, of said emitters 
..^^..^ . .nncav e 1--° -^th . negative focal len^h capable of emitting 
.u....n.. pnetic ra d ^o^'^" . .olid angle at least approaching a hemisphere. 




m 
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fif^ A ^.ti.n^ of .ccurat^'Y H.t.rmining the location of a point in three 
dimensiona l space which comprises: 

^l^rtrirallv gen^ratin p electro "^^^^^^- radiation: 

,,,.^..11, , ^.nc^ittin. .aid electromafnetic radiation to at least one emitte r 
..^P^o^n p . radiation ^^^ T^^na .l.ment ad.pted to emit electromapnetic radiation 
.u...frnm through a --1^^ 1^ least annroachinp a hemisphere; and 

.,„.^v.n y .n^ittina .aid elertromRPne tic radiation from said dispersing 
.i.^..t in anatter r ^^^'^r . .nlid angle th.t at least approaches ahont a hemisphere; 





each other on a surface of said object: 

providing at least one electromagnetic radiation generator spaced from said 
emitterfs); 

providing a non-electric radiation guide operativelv associated at least one of said 
emitters and with said at least one generator: 

generating electromagnetic radiation by said generatorfs): 

non-electricallv transmitting electromagnetic radiation through said radiation 
guides to said emitter(s): 

non-electricallv radiating a pattern of radiation at least approaching a hemisphere 
P from at least one of said dispersing elements: 

p receiving said emitted radiation bv a plurality of electromagnetic radiation 

C- receivers: 

determining the location of each emitter as a function of angles between said 

G 

'f^ received radiation and respective reference lines: and 

converting said determined locations of said emitters to a position and orientation 
of said object in said three dimensional space. 

62. A method as claimed in claim 61 wherein said dispersing element 
comprises a light pipe image guide adapted to emit said electromagnetic radiation over a 
solid conical angle at least approaching a hemisphere. 
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opp.r.tii. for deter--"^"" th. location of^t least one point in three 

dunendonals^^ 
rnm prising; 

. ..... H^^^e,, » r->ti- r-.v^ emW-^ f^"' '^"^ ^""'""^ " " 1^^""° ^ 

.rr— " -""^ " •' ""^ 

solid angle; 

gflid detec t'^^ ^^Y ^ signal: 

... . pi.^l^tv of emitt ers means to differentiate at least two of said 

fimitters: and 

^ .j^.l .H. pt.d to calcn hte the loca tion of said emitter(s) relative to 

ti,. thr.e dimens^-^^1 .nnrHmate svstom from said sifmal information; 

1,rrrin n e^^ ^pn.. of .aid emitterfs) emitting electromagnetic radiation 

toou^^^ddMd^gle^^ of said emitter(s) 

^j^^^,, tH.n would have been t he accuracy determined had the 

.i..t.nn,.Pnetic r^-H^-t^^n heen PeneratrH withont said dispersing element 



ju. „pp.^.,. claimed in claim 63 wherein at least two of sd demitt^ 
raHiate at di^fre^^ wavelengths. 
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65. The apparatus as claimed in claim 63 wherein said dispersing element is 
spaced from said radiation generator and further comprising transmission means adapted 
to transmit said generated radiation from said generator to said dispersing element, 

66. The apparatus as claimed in claim 65 ftuther comprising a plurality of 
dispersing elements. 

67. A method of accurately determining the location of a point in three 
dimensional space comprising: 

generating electromagnetic radiation: 

non-electrically transmitting said electromagnetic radiation to at least one emitter, 
comprising at least one radiation dispersing element adapted to emit electromagnetic 
radiation therefrom through a solid angle at least approaching about a hemisphere: 

non-electrically emitting said electromagnetic radiation from said dispersing 
element at a solid angle approaching about a hemisphere: 

receiving a plurality of electromagnetic rays, emitted by said emitter, by an 
electromagnetic radiation detector: 

determining angles intercepted between said rays and at least one reference line 
that has a known angular relationship with said radiation detector: and 

from said angle, calculating a location of said emitter in said three dimensional 

space. 
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68. An electrically neutral system for radiating electromagnetic radiation from 
an effectiye point source and remotely receiving the same, comprising: 

at least one source of electromagnetic radiation: 

lens means adapted to couple said electromagnetic radiation to a plurality of non- 
electronic radiation transmission means: 

at least one emitter, adapted to radiate electromagnetic radiation through a solid 
angle that at least approaches a hemisphere, electromagnetically coupled to at least one of 
said transmission means and spaced apart from said source: and 

a plurahty of means adapted to receive said radiated electromagnetic radiation 
spaced from said emitter(s) and not electrically connected to said emitters. 

69. A system as claimed in claim 68 comprising a plurality of said 
transmission means and a plurality of emitters operatively associated with said plural 
transmission means. 

70. A system as claimed m claim 69 comprising a single source of said 
electromagnetic radiation. 

71. A system as claimed in claim 69 wherein said receivers are adapted to 
convert said received electromagnetic radiation to a signal, and further comprising a 
computer operatively associated with said receiverfs) adapted to receive said signals and 
to convert said signals into locationfs) of said emitterfs) in a defined three dimensional 
volume. 



